Introduction
changes in TFIID, such as movement of lobe A towards lobe B (20) . Intriguingly, human TFIID 114 undergoes a significant structural rearrangement involving movement of Lobe A when bound to 115 a specific promoter DNA optimized for TFIID recognition (26, 27) . It remains to be determined 116 if p53's facilitated movement of Lobe A results in a rearranged conformation of TFIID that 117 contributes to stable interaction between TFIID and DNA. 118
To uncover the mechanistic underpinnings of how p53 facilitates TFIID assembly on 119 promoter DNA, we exploited a combination of single molecule fluorescence microscopy, 120 biochemistry, and single particle cryo-EM analysis. These studies illuminate dynamic 121 interactions and static global molecular architectures of p53-induced TFIID assemblies on two 122 representative target genes (i.e. hdm2 and bax). Our real-time single molecule studies show that 123 TFIID alone infrequently assembles onto these native p53 target promoters. TFIID/DNA binding 124 primarily occurs on the order of seconds. p53 facilitates TFIID's promoter recruitment by 125 enhancing multiple TFIID contacts throughout the core promoter and RE. Notably, p53 also 126 increases the percentage of TFIID molecules displaying long-lived DNA binding. Consistent 127 with our single molecule studies, EM structural analysis reveals that conversion of canonical 128 TFIID to a rearranged DNA binding conformation is enhanced in the presence of p53 and DNA. 129 TFIID/DNA binding induces p53 dissociation, effectively "liberating" the RE to allow p53-130 mediated recruitment of additional factors involved in PIC formation. Therefore, proper response 131 to divergent stress signals involves conserved structural mechanisms relating to p53's ability to 132 dynamically stimulate TFIID's interaction with various target promoters. 133
Results 134
TFIID association with native target genes in the presence of p53 135
We sought to further understand the molecular mechanism pertaining to activator-136 mediated enhancement of TFIID's ability to bind DNA. Thus, dynamic interactions between 137 p53, TFIID and promoter DNA were characterized via a single molecule co-localization assay 138 using Total Internal Reflection Fluorescence Microscopy (TIRF) ( Figure 1A ) (21, 22) . Over the 139 first 15' of binding, Quantum dot-labeled TFIID (QD-TFIID) associated with only 1.5% of the 140 Cy3/Cy5-labeled native wild-type hdm2 promoter DNA in the absence of p53 ( Figure 1B and 141
Supplemental Figure S1 , left panel), revealing a low intrinsic affinity of TFIID for DNA. 142
Increasing the time between addition of TFIID to the DNA and the imaging of binding did not 143 improve co-localization efficiencies, suggesting that reactions are at equilibrium (data not 144 shown). This finding indicates that, at low concentrations (~1nM), TFIID inefficiently 145 recognizes DNA. On the other hand, increased binding of TFIID to DNA was observed in our 146 bulk biochemical assembly assays when much higher concentrations (100-600nM) were used as 147 in Supplemental Figure S6B . 148 Upon addition of p53, a clear enhancement of TFIID's association with the bax or hdm2 149 promoter DNA was observed ( Figure 1B ). This result is consistent with a general increase of 150 DNA retained by TFIID in the presence of p53 in our bulk biochemical assays (Supplemental 151 Figure S6B ). A control experiment detected no p53-mediated co-localization of DNA with the 152 Quantum dot-labeled TAF1 antibody (0.2 ± 0.07% co-localization) in the absence of TFIID (data 153 not shown). Therefore p53's significant enhancement TFIID/DNA association is likely due to the 154 direct interaction between p53 and TFIID. 155
To directly address the role of the p53 RE and core promoter elements in p53-mediated 156 TFIID/DNA binding, three mutant hdm2 DNA templates were analyzed with the same real-time 157 co-localization assay ( Figure 1B ). The first mutant hdm2 DNA template (i.e. Mu RE) harbors 158 mutations in the response elements known to impair p53's sequence-specific interactions (30). A 159 mild but significant decrease of TFIID's association with DNA was observed on the mutant p53 160 RE template ( Figure 1B ). This result suggests that enhancement of TFIID/DNA binding can 161 occur via a mechanism that is independent of p53/RE contacts. 162
To assess the impact of the core promoter in p53-mediated TFIID/DNA binding, 163 mutations (i.e. Mutant Core) known to weaken TFIID binding and inhibit transcription (22, 31) 164 were exploited. Upon addition of p53, TFIID's association with the mutant core template was 165 further reduced compared to the wild-type promoter ( Figure 1B ). As expected, when both the 166 p53 RE and core promoter elements were altered (i.e. Mu RE/Co), TFIID/DNA co-localization 167 was further decreased ( Figure 1B) . These results indicate that the p53 RE and core promoter 168 elements were both required for optimial association of TFIID with p53 target gene promoters. 169
p53 regulates TFIID/DNA contacts within the core promoter and p53 response elements 170
As an alternative approach to study p53-mediated TFIID/DNA binding, we developed an 171 in vitro formaldehyde-crosslinking/exonuclease mapping assay (xlink-Exo). Our strategy was 172 adapted from a well-established strategy (ChIP-exo) to map out protein/DNA contacts of 173 transcription factors in vivo at near base-pair resolution (32). Based on this analysis, TFIID 174 makes extensive contacts with well-characterized core promoter elements (i.e. TATA, InR, MTE 175 and DPE) on the wild-type hdm2 DNA ( Figure 1C , top panels). Addition of p53 led to elevated 176 crosslinking of TFIID to the wild-type core promoter with select elements showing much larger 177 changes (i.e. TATA, InR) than others (i.e. MTE/DPE) (top panels). Consistent with our single molecule data, p53 increases the specific binding of TFIID to the core promoter. Importantly, 179
there was a clear reduction in p53's ability to enhance contacts within mutated core promoter 180 elements ( Figure 1C , bottom panels and Supplemental Figure S2A ). This finding is consistent 181 with our single molecule assay showing reduced TFIID/DNA co-localization on the mutant core 182 promoter ( Figure 1B) . Interestingly, p53 slightly increases TFIID's contacts within the -4 and 183 +11 regions on these mutant core promoters ( Figure 1C ). Thus our mutantions don't completely eliminate TFIID/core promoter contacts and may 185 explain why a small percentage of TFIID is still bound to the mutant promoters in our single 186 molecule assays ( Figure 1B) . 187
In addition to these well-established contacts, our xlink-Exo assays also mapped 188 TFIID/DNA interactions far upstream of TATA (-55 to -137) and downstream of the DPE (~ 189 +37 to +68) ( Figure 1C Figure S2B ). Furthermore, a number of upstream TFIID contacts (-61, -79, and -198 88/-90) were also abrogated on the mutant core promoter (Supplementary Figure S2 ). This 199 suggests that these novel upstream DNA contacts arise from TFIID's interaction with the TATA, InR and DPE sequences. Therefore, TFIID may utilize additional uncharacterized elements to 201 recognize promoters. 202 p53 modulates the prolonged association of TFIID with DNA 203 In addition to p53's ability to stimulate TFIID/DNA association, we sought to test if p53 204 could also stabilize TFIID's binding to DNA. Therefore, the amount of time that QD-TFIID 205 remains bound to a single promoter DNA before dissociating (i.e. residence time) with and 206 without p53 was examined ( Figure 2A ). In the absence of p53, two populations of DNA-bound 207 TFIID complexes displaying distinct residence times were detected on the wild-type hdm2 208 template ( Figure 2B ). The majority (78%) of TFIID/DNA binding events were short-lived 209 (average residence time of 6.6 ± 0.4 seconds) in the absence of p53 ( Figure 2B , left panel). 210
Notably, p53 significantly increases the percentage of long-lived TFIID/DNA bound complexes 211 from 22% to 64% ( Figure 2B , left versus right panel). Furthermore, p53 prolongs the residence 212 time of both the short and long-lived TFIID/DNA binding events ( Figure 2C ). TFIID also 213 displayed a similar stability profile on the bax promoter in the presence of p53 (Supplemental 214 Figure S3 ). These results suggest that TFIID interacts with DNA via two intrinsic binding modes 215 that can be modulated by p53. 216
We next defined how the RE and core promoter elements might regulate the relative 217 proportion of these two TFIID/DNA binding populations in the presence of p53. Disruption of 218 the p53 binding site on the hdm2 promoter (Mu RE) had little effect on the distribution between 219 these two populations ( Figure 2D ). This indicates that a p53-mediated increase in the percentage 220 of TFIID molecules displaying long-lived DNA binding does not solely require contacts with the 221 RE. In contrast, mutation of the core promoter region (Mu Core) reduced the percentage of 222 TFIID molecules in the long-lived DNA binding population ( Figure 2D ). Alteration of the p53 binding site and the core promoter elements (Mu RE/Co) further lowered the percentage of the 224 TFIID's long-lived DNA binding population ( Figure 2D ). These data suggest that the TFIID's 225 long-lived DNA binding mode was related primarily to recognition of the core promoter with 226 p53/RE interactions providing additional stability post-recruitment to the DNA. 227
Our results also reveal that p53 RE and core promoter mutations also impacted TFIID's 228 residence time on DNA. Mutation of the p53 RE (Mu RE) predominantly decreased the 229 residence time of TFIID's long-lived DNA binding without significantly affecting the short-lived 230 events (Supplementary Figure S4B ). Therefore, interactions between p53 and its RE are required 231 for maximal stability of TFIID/DNA contacts on native target promoters. On the mutant core 232 promoter (Mu Core) residence times for both the long-and short-lived TFIID/DNA binding 233 events were also significantly reduced (Supplementary Figure S4 ). Thus, both DNA binding 234 modes were related to core promoter recognition. Mutation of both the p53 RE and core 235 promoter were changed (Mu RE/Co) had little effect of TFIID's residence time on DNA 236 (Supplementary Figure S4B ). These results suggest that mutation of both the RE and core 237 promoter elements primarily effects TFIID's distribution between short and long-lived DNA 238 binding modes ( Figure 2D ). Together with the single molecule data, our xlink-Exo studies 239 suggest that TFIID's remaining minimal contacts on our mutant promoter are sufficient to anchor 240 short-lived TFIID binding to DNA. 241
p53/target promoter interactions in the presence of TFIID 242
Our previous report documented that a TFIID variant could cooperatively increase the 243 binding of the activator c-Jun to its binding site on promoter DNA (24). To quantitatively assess 244 if this was the case for p53, the dissociation dynamics of fluorescently labeled-p53/DNA 245 interactions with or without TFIID were examined ( Figure 3 ). In the absence of TFIID, p53 246 primarily displayed two populations of distinct binding events on the wild-type hdm2 template 247 (i.e. long-lived [avg = 33.1 ± 3.9"] and short-lived [avg = 7.4 ± 0.7"], Figure 3A , left panel). 248
Since earlier reports showed that p53 can bind DNA non-specifically (35, 36), we hypothesized 249 that these short-lived p53/DNA binding events were non-specific interactions. To test our 250 hypothesis, the same experiments were performed using the mutant p53 RE template (right 251 panel). Indeed, disruption of p53's sequence-specific binding sties on DNA led to a single short-252 lived population (avg = 6.8 ± 0.7"). Based upon this result, the long-lived p53/DNA binding 253 events most likely represent sequence-specific interactions (left panel), whereas the short-lived 254 p53/DNA binding events are non-specific in nature. Alternatively, these short-lived events could 255 represent interactions with an unknown lower affinity p53 binding site in the promoter or binding 256 of dimeric p53 to concensus half-sites within the mutant RE. It is of note that photobleaching of 257 the fluorescently labeled p53 did not affect our results, since similar residence times were 258 observed with multiple dyes of differing photostability (data not shown). In addition, a previous 259 study detected similar short residence times of ~10-12" for p53 bound to a consensus site (37). 260
Collectively, these findings indicate that p53 dynamically interacts with DNA via both specific 261 and non-specific interactions. 262 Importantly, addition of TFIID resulted in a single population of p53 bound to wild-type 263 DNA with an "intermediate-lived" residence time distinct from the two populations observed 264 with p53 alone ( Figure 3B ). Furthermore, we noticed that fitting of the data showed slight 265 deviations from an exponential decay model. A previous study indicated that the existence of 266 complex multi-step dissociation events could be discerned using a gamma distribution model to 267 fit single molecule data (38). Indeed, we found that a gamma distribution model better represents 268 the data ( Figure 3B Overall, these data suggest that TFIID binding to DNA can influence p53's stability at 282 the RE. TFIID's interaction with p53 likley promotes the dissociation of p53 bound to specific 283 sequences in the promoter ( Figure 3C , left panel). Importantly, the average time of p53 bound to 284 the wild-type hdm2 template (~15") is significantly shorter than TFIID's long-lived DNA 285 binding time (~100") ( Figure 3C , right panel). These dynamic studies strongly suggest that p53 286 transiently escorts TFIID to the promoter DNA. Importantly, p53 is not required to remain bound 287 for TFIID's maximum stability on promoter DNA. 288
The conformational status of TFIID when co-present with p53 and promoter DNA 289
A recent cryo-EM study discovered that human TFIID switches from a canonical to a 290 rearranged conformation upon binding to the Super Core Promoter (SCP), a DNA fragment 291 optimized for interaction with TFIID (26, 31). Thus far our single molecule data indicates that 292 p53 stimulates binding of TFIID to DNA. Therefore, we hypothesized that TFIID could form a 293 rearranged DNA binding conformation with p53 and promoter DNA. Therefore, we set out to 294 determine TFIID's global structural architecture when p53 and target promoter DNA were 295 present. As the first step, unbiased reference-free 2D classification experiments were performed 296 to examine conformational states of TFIID in the presence of p53 or p53/bax DNA ( Figure 4A ). 297
The movement of Lobe A from Lobe C to Lobe B is the hallmark of the rearranged DNA 298 binding conformation of TFIID (26). Therefore, three conformational states of TFIID 299
represented by corresponding views of 2D class averages were defined based upon the position 300 of Lobe A relative to Lobes C and B (top panels, i.e. canonical, transition, and rearranged state). 301
We found that addition of p53 led to an elevated percentage of particles within the corresponding 302 view displaying the rearranged TFIID form compared to TFIID alone ( Figure 4A , bottom panel). 303
This finding implies that the formation of TFIID's rearranged state is affected by p53. This result 304 is consistent with conformational changes observed in our previous negative stained structure of 305 a TFIID/p53 co-complex (20). Furthermore, the 2D classification analysis showed that the 306 populations of both the transition and rearranged forms increased when p53 and DNA was added 307 (bottom panel). Therefore, these findings suggest that TFIID's conformational switches can be 308 regulated via target gene promoters and/or its interaction with p53. 309
A previous biochemical study reported that p53 stimulated the assembly of TFIIA and 310 TFIID on a synthetic promoter DNA (19). Interestingly, unlike p53, TFIIA alone promotes the 311 canonical form of TFIID (26). Thus, to assess the structural framework of TFIID in the presence 312 of p53 and TFIIA, two TFIID/p53/TFIIA assemblies on the native hdm2 and bax promoter 313 fragments (488 bp and 500 bp) were obtained (Supplemental Figure S6 ). To visualize both 314 conformations and the DNA, cryo-EM data of these assemblies were obtained for reference-free 315 2D classification analysis. Some class averages showing the presence of promoter DNA 316 spanning the central cavity of TFIID were observed ( Figure 4B ). Moreover, both assemblies 317 displayed a similar rearranged TFIID architecture, despite the different organization of their 318 promoters. Each template harbors non-consensus core promoter elements with different spatial 319 arrangements between TATA and the Initiator ( Figure 1B downstream DNA within the assembly, these results imply that TFIID serves as a strong anchor 333 for downstream promoter DNA during PIC assembly. 334
The 2D class averages of TFIID/DNA/p53/TFIIA assemblies exhibit a similar topology 335 to the averages from TFIID/TFIIA bound to the SCP DNA (refer to Figure 3 in (26)) raising two 336 major points. First, TFIID adapts a common DNA binding conformation to bind various p53 337 target gene promoters. Second, structural rearrangements within TFIID related to DNA binding may cause p53 to dissociate, as supported by our single molecule dynamics results ( Figure 3 ). To 339 test these hypotheses, single particle 3D reconstruction was conducted to determine the 3D 340 structure of the TFIID/TFIIA/p53/bax DNA co-complex (Supplemental Figure S7A ). The overall 341 structural architecture of our co-complex is comparable to the 3D structure of TFIID/TFIIA/SCP 342 DNA. Our 3D reconstruction was also verified by analyzing its 3D projections with their 343 matching reference-free 2D averages (Supplemental Figure S7B ). The same observation was also 344 obtained with the 3D structure of the TFIID/TFIIA/p53/hdm2 promoter DNA (Supplemental 345 Figure S8 ). These results suggest that TFIID utilizes one common rearranged form to bind 346 various promoters. Figure S9 ). This observation suggests that the majority of TFIID complexes have switched to 357 the p53-free, DNA-bound state when p53 and DNA were co-present. Collectively, these 358 structural studies support the observations from our single molecule analyses, illustrating that 359 p53 dissociates from TFIID and DNA when recruited to target promoters. Our work also implies 360 that when p53 stimulates TFIID binding to DNA, a common rearranged DNA binding scaffold is 361 formed on various target genes. 362 363 Discussion 363
TFIID infrequently interacts with native p53 target genes in the absence of additional factors 364
Our single molecule assays reveal that TFIID poorly associates with native p53 target 365 promoters in the absence of p53 ( Figure 1B activators could also promote structural rearrangement of TFIID to stimulate promoter 392 association. Our past work has shown that p53 binds stably to TFIID and targets TAF1 in the 393 absence of DNA (20). We also found that p53's interaction with TFIID also results in movement 394 of Lobe A towards Lobe B in a manner analogous to a structurally rearranged DNA binding form 395 of TFIID (20). Therefore we postulated that DNA binding may be increased in this structurally 396 rearranged pre-assembled p53/TFIID complex. Indeed our single molecule data along with 397 previous bulk biochemical experiments indicate that p53 can dramatically stimulate the binding 398 of TFIID to DNA ( Figure 1B and (19) ). We also find that conversion of canonical TFIID to the 399 structurally rearranged form is enhanced in the presence of p53 and DNA ( Figure 4A ). Thus we 400 speculate that p53, whose acidic activation domain is highly homologous to VP16 (49), may 401 potentially disrupt TAF1/TBP interactions to aid in TFIID structural rearrangement and DNA 402 binding ( Figure 5, bottom panel) . 403
p53 promotes isomerization of TFIID to stimulate long-lived binding to DNA 404
Cryo-EM of a TFIID/TFIIA/DNA complex has revealed a number of TBP/TAF contacts 405 with core promoter elements spanning from ~ -33 to +32bp surrounding the transcription start 406 site (27). Many of these contacts, especially TBP/TATA, are only possible due to TFIID's 407 structural rearrangement or isomerization upon DNA binding. Therefore we anticipate that the 408 p53-mediated binding of TFIID to DNA is also likely a multi-step isomerization process 409 involving contacts with multiple core promoter elements ( Figure 5, bottom panel) . Indeed our x-410 link Exo analysis revealed numerous TFIID crosslinks throughout the promoter that are 411 enhanced by p53 ( Figure 1C ). Many of these TFIID/hdm2 DNA contacts were strictly conserved 412 in the TFIID/TFIIA/super core promoter DNA cryo-EM structure (27). Consistently, the 413 architectures of TFIID bound to the hdm2 and supercore promoters are equivalent (Supplemental 414 Figures S7 and S8 ). This suggests that TFIID in the presence of p53 can specifically bind our 415 native hdm2 promoter to adopt a common DNA binding conformation. 416
In the presence of p53, TFIID associates with DNA robustly. Analysis of single molecule 417 dissociation kinetics also revealed two TFIID/core promoter DNA binding modes with 418 interactions predominantly being long-lived (~100") ( Figures 2B and 2D) . Therefore, p53 shifts 419 the TFIID population from short to long-lived DNA binding, likely acting to facilitate TFIID's 420 Figure S3) . Importantly, the percentage of long-lived DNA 429 binding events was essentially unchanged on the mutant RE template ( Figure 2D ). This suggests 430 that isomerization of TFIID does not depend on p53 contacts with the RE. Given that distinct 431 TFIID contacts surrounding the p53 RE were identified via our xlink-Exo assays ( Figure 1C ), we 432 speculate that this upstream DNA is involved in both binding p53 and stabilizing interaction of 433 an isomerized form of TFIID with the promoter. These upstream contacts may be possibly 434 mediated by the TAF4 subunit of TFIID, which was previously shown to bind ~70 bp of DNA 435 with a weak sequence preference (50). 436
TFIID isomerization upon DNA binding liberates p53 from the RE 437
Our single molecule data indicate that TFIID reduces p53's residence time on DNA 438
(Figures 3A and 3B). This result is consistent with previous DNAse I footprinting studies 439
showing decreased binding of p53 to REs in the presence of TFIID (19). More importantly, 440
p53's residence time on DNA is 6.7 fold shorter (~15") than TFIID's (~100") ( Figure 3C While p53 dissociates from the TFIID/DNA scaffold, it is highly likely that p53 will 449 rapidly re-associate with the complex, particularly at the high concentrations (600nM) used in 450
Supplementary Figure S6 . We suspect that p53's rapid removal could consequently lead to a 451 faster "repurposing" of the RE for additional rounds of p53-mediated recruitment of other basal 452 transcription factors such as TFIIB (51, 52), RNA Pol II (53), and TFIIH (49, 54, 55). In this 453 scenario, stable prolonged binding of p53 to a TFIID/DNA complex would negatively regulate 454 PIC formation, because p53 would occupy the RE and inhibit subsequent recruitment of a 455 p53/basal factor co-complex. 456
TFIID/promoter binding dynamics in relation to transcriptional burst kinetics 457
Once p53 loads TFIID onto our native p53 target gene promoters, TFIID remains bound 458
for only approximately 100 seconds likely due to interactions with suboptimal or non-consensus 459 core promoter elements ( Figure 2) . Notably, our residence times for TFIID at the promoter were 460 measured in the absence of additional PIC components. Most likely, additional factors such as 461 TFIIA, TFIIF, and RNA Polymerase II will alter the stability of TFIID and p53 as the PIC forms 462 on promoter DNA. However, recent in vivo work suggests that transcription complex formation 463 is highly dynamic. Consistent with our data, yeast TBP occupies the HSC82 heat shock promoter 464 for 60 seconds in vivo (56). In human tissue culture cells, RNA Polymerase II loads onto 465 promoters every ~4 to 9 seconds to form convoys on an active gene (23). These bursts of RNA 466
Polymerase II convoys last for approximately 100 seconds before the promoter becomes inactive 467 again (23). Therefore it is tempting to speculate that the long-lived TFIID residency (~100 468 seconds) on our native target promoters could be related to RNA Polymerase II convoy 469 formation (~100 seconds) and transcriptional bursting. TFIID's dynamic binding to promoters 470 could be a mechanism to allow rapid shut down of stress response gene expression after re-471 establishment of cellular homeostasis. 472
TFIID can also direct infrequent loading of RNA Polymerase II convoys on mutant 473
TATA containing promoters leading to bursts of transcription (23). Interestingly, the duration of 474 RNA Polymerase II convoys on the mutant TATA promoter is only slightly less than that on a 475 wild-type TATA template (~60-80 seconds) (23). Our study also revealed infrequent p53 476 mediated binding of TFIID on our mutant core promoter DNA lasting for a significantly long 477 time (~64 seconds) ( Figure 2D and Supplementary Figure S3 ). Therefore we suspect that TFIID 478 stably loaded onto our mutant core DNA is fully competent to direct low levels of infrequent 479 transcription. Overall, our studies indicate that p53, and potentially activators in general, serve as 480 escorts to dynamically recruit and load the basal transcription machinery onto DNA via complex 481 interactions between the RE, the core promoter and bound basal factors (i.e. TFIID). Our work 482 also reveals how p53 stimulates TFIID binding to different promoters that comprise variable 483 arrangements of p53 binding sites and core promoter elements. More importantly, our combined 484 functional and structural studies are crucial for understanding how eukaryotic transcription 485 complexes dynamically assemble on different protein-coding gene promoters. 486 487 488
Materials and Methods 489 490
Reagents and protein purification 491 492
Experimental details, including reagents, protein purification of the p53/TFIID/TFIIA/DNA 493 co-complexes and fluorescent-labeled proteins/DNA used in this study along with our custom-494 built TIRF microscope setup, are described in the Supplemental Materials. 495
In vitro immuno-assembly assay 496
HeLa cells (32 liters) were grown in suspension culture with 1X DMEM plus 5% newborn calf 497 serum for each assay. Nuclear extract was prepared and fractionated with phosphocellulose P11 498 was applied directly onto a thin carbon film supported by holey carbon on a 400-mesh copper 598 grid (Pacific Grid tech.) for 3', which was freshly glow-discharged. After incubating the sample 599 on the grid for 3', the sample grid was stained with five successive 75 µL drops of 1% Uranyl 600
Formate. 601
The negative stain image data were collected with a Tecnai F20 TWIN transmission 602 electron microscope operating at 120 keV at a calibrated magnification of 62,000x with a 603 defocus range of -0.5µm to -2.5µm using a Tietz F416 (4K x 4K) CCD camera (resulting in a 604 2.82 A/pixel) under the dosage 39.98 e -/Å. A total of 14,000 particles (for TFIID alone), 13,855 605 particles (for TFIID/p53), and 19262 particles (for TFIID/p53/bax DNA) were manually picked 606 using Boxer (EMAN; (59) ). These particles were aligned and classified in a reference-free 607 is presented based upon our current and previous studies (20). In the absence of p53, TFIID 756 primarily exists in the canonical conformation which is weakly permissive for DNA binding due 757 in part to interactions between the TAF1 TAND and TBP. The canonical form of TFIID can 758 infrequently and transiently interact with DNA. In rare occurances, canonical TFIID isomerizes 759 to a structurally rearranged form that involves severance of TAF1 TAND/TBP contacts and 760 movement of TBP from lobe A/C to lobe B. In the presence of p53, the TBP/TAF1 TAND 761 interaction is disrupted leading to a TFIID complex that is highly permissive to isomerization 762 and stable DNA binding. Once TFIID structurally rearranges and binds DNA via movement of 763 TBP from lobe A/C to lobe B, p53 disengages TFIID through loss of its contacts with Lobe A 764 and C. Dissociation of p53 from the TFIID/promoter DNA scaffold results in "recycling" of the 765 p53 RE for further assembly of the PIC components. 
